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A bulkvfeldinc 



method 



for 



producing 



an 



iron-based alloy having high resistance to abrasion 
suitable for use as a hardfacing material, comprising 
forming the alloy or. a workpieoe by arc welding with a 
consumable iron or steel electrode in the presence of 
granular metal filler material and feeding the granular 
metal filler material to the workpiece in a controlled 
ratio tc the feed rate of tne electrode, the 
composition of the granular metal filler material being 
selected to provide in the iron-based alloy so formed a 
chromium content of 12 to 25% by weight, a carbon 
content of 4 to 4.5% by weight and at least 38% by 
volume of primary carbides of iron and. chromium while 
maintaining the zesa ratio or granular metal filler 
material s electrode at not sac-re than 1.6 : 1. 



claims wherein the granular metal filler material is an 
iron-based powder containing, by weight, 46 to 50% 
chronviw, 8 to S-.5* combined carbon, 5 to 5.5% 
manganese and less than 1% silicon - 
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This invention relates to the -age of the 
buikvelcins method for producing desirable hardfacing 
alloy deposits ana, more particularly, to the use of 
bulfcweiding tc produce a hardfacing material having a 
high content at primary iron-chromium-carbiSes 

iiCr-Fe; 7 C 3 ) identified hereafter as 

M 7 C 3 . 

The use of iron-chromiuai-carbon hardf acings as 
applied by fusion welding processes is old ar.d 
we 11 -known art. These hardf acings provide inexpensive 
efficient resistance ,to abrasion because of a 
niicrostructure which .Contains one or more combinations 
01 chromium and iron" carbides . There are a variety of 
these carbides but the ones with the best, abrasion 
resistance are of the. M- C- type, called 
"primary carbides". The "M" represents a mixture of 
iron and chromium which can vary, bat which are 
generally present as about two parts chromium to one 
part iron, by weight. The primary carbides are 
dispersed in a reticulated form in a raatrix of other 
carbides and filler metals . The more primary carbides 
which are present in the resulting siicrostructure, the 
more resistance to abrasion the coating exhibits. 

A typical 3.2. mm < 1/8 inch) hardf acing layer 
produced by known bulkweldinc techniques contains at 
least about 30% chromium by weight, about 62% iron, 
about 4i% carbon and has about 35% primary carbides by 

Bulfcweiding is a process which employs the 
controlled, addition of powdered petal filler materials 
to automatic arc welding, in the process, granulated 



allay sr-.st.al powder is fee to the worfcpiece just ahead 
of an iron or steel electrode which is oscillated for 
the production of hardf acings , The electrode is usually 
oscilUtPfi in a 3 Snot (it inch? arc, transverse to the 
direction of the bead formed in the production of 
overlays and hsrdfacincs. The amount of granular powder 
fed to the workpiece is precisely dispensed by a 
controlled electronic metering system in a precise 
ratio re the amount of electrode being fed. The 
chemistry of the weld deposit is dependent upon the 
granular n>etai filler niaterials, the consumable wire 
electrode, the ciilutien from the bas s , irvsier is 1 of the 
workplace. To produce the typical alloy described 
above, the welding ratio 'the weight ratio of granular 
powder to the weight of '-electrode ; is about 1.5 pares 
powder to about 1 -part of the iron ot steel electrode 
wire . 

Typical substrates to which the hardf acing 
deposit is applied are steel worfcpieces for use in high 
wear environments, frequently in the for* of steel 
plate as industrial components such as work rolls, dies 
and punches. 

Bulkwelding processes are disclosed in 
Applicant's prior U.S. Patent Sos . 3,076,868; 3,172, 
991; 3,260,834; 3,264,445; 3,2S6,408; 4,237,362; and 
4,493,963. 

Increasing the ratio of granular metal filler 
material to electrode wire conscsed, in order to 
increase the content of the wore abrasion resistant 
carbides in the hardf acing deposit, suffers the 
disadvantages that the technique becomes more difficult 
to use, and gives frequent defects in the weld deposit. 

It has now been discovered that certain 
iron-chromium-carbofl alloys of controlled chemistry may- 
be produced with bulkwelding which have enhanced 
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amounts of primary carbides and reduced amounts of the 
less abrasion resistant carbides and other alloy 
materials, without increasing the .welding ratio. By 
selecting a suitable analysis range, the input 
5 materials have sufficient chromium ana carbon to 
produce the desired primary carbides while containing a 
mirsimoE of other material. The alloy produced is a 
superior hardfacing material and can be used in 
environments of severe abrasion and from ambient to 
10 high temperatures, for example 65C*C [1200'F). 

Iz is, tr.prsf ore , an object of the present 
invention to provide a method for using bulicweiding to 
produce an alloy with superior abrasion resistance 
characteristics . 
15 Another object of the present invention is the 

provision of such a method to produce an alloy having 
less chromium, more carbon and yet significantly more 
primary carbides. 

An important object of the • present invention 
20 is the provision of high primary" carbide alloys by 
bulltveXciing without having to increase the ratio of 
granular welding material to wire electrode. 

In accordance with the invention, a 
bulkweiding method for producing an iron-based alloy 
25 having high resistance no abrasion suitable for use as 
a hardfacing material, comprising forming the alloy on 
a workpiece fay arc welding with a consumable iron or 
steel electrode in the presence cf granular metal 
filler material and feeding the granular metal filler 
30 material to the workpiece in a controlled ratio to the 
feed rate of the electrode, is characterised by the 
composition of the granular metal filler material being 
selected to provide in the iron-based alloy so formed a 
chromium content of 12 to 25% fay weight, a carbon 
35 content of 4 to 4,9% by weight and" at least 38* by 



volume of primary carbides of iron and chromium while 
maintaining the feed ratio of granular tnezal filler 
material : electrode at not more than 1.6 : 1. 

In the preferred embodiments of the present 
5 invention, the filler powder charge for the bulkwelding 
operation may coats in the following , by weight: 

Chroniium about 46 tc about 50% 

Combined Carbon about S tc about e.50% 

Manganese about 5 tc about 5.5Q% 

10 Siliccr, less than about 1.00% 

Molybdenum optional, preferably 

about .5 to about 1.00% 

Iron and incidental 
impurities Balance 
15 Other elements that -.ay be present m the 

filler powder include niobium, titanium, tungsten, 
vanadium and boron. 

The chroEsius is normally supplied in the form 
of i exrochromi um of an analysis suitable to give the 
20 above percentage. Toe carbon is suitably supplied as a 
oart of the ferrochrome by selecting a f errochroms cf 
the appropriate carbon content. Manganese is typically 
supplied as standard ferro Manganese . Silicon is 
indigenous to the ferrcchror.e and its content 
25 percentage should be roinirnirec . Molybdenum is not 
required to produce the basic alley desired but is used 
in the presently preferred .^mbodisents tc give improved 
carbide performance. 

The following examples further illustrate the 
30 invention, using a granular metal filler material or 
the preferred composition set out above. 

The balkwelding equipment is set so that about 
1,5 weights of powder are fed for each weight cf 
electrode. Oscillation of the electrode is preferably 
IS set at 35 ntir, (I 3/8 inch) so as tc give a 38 jam ill 



inch) wide bead and allow consumption of the powder 
used. If the powder-to-electrode ratio exceeded about 
1.6 to I, the greater amount of powder would require a 
wider oscillation width in order to consume the powder. 
Also, the higher quantity of powder would cause erratic 
weldinc action and increase the tendency for defects to 
cccar in the weld deposit. 

In the sub-arc node, the increased bead width 
would be undesirable since it causes the cracks forstefi 
in cooling to becoite too larce for quality hardfacing. 
Tfcae , the maintenance of the 1.5/1 welding ratio is 
preferred. 

Upon completion, of the deposition, examination 
of the weld deposit discloses that the deposit has 
approximately 45% primary M_ C, carbides 
costpsred with 32-37% in the alloys ssa.de previously by 
bulk welding , 

Chemical analysis of a typical deposit 
according to this invention is as follows: 

Chromium about 12% to about 25% 

(about 23% preferred) 
Carbon about 4% to about 4,9% 

(about 4.7% preferred) 
Manganese about .5% to about 8% 

iebout 3% preferred) 
Silicon less than about It 

by weight) 
Iron Balance 
The typical alloy .has a primary carbide content of 
about 38% tc about 45% by volume, an increase of as 
much as 28% over alloys produced by prior art 
bulicwelding processes discussed above . For all the 
preferred embodiments , the powder-to-wire ratio can be 
maintained at about Is to 1. As desired, amounts of 
various other elements can be added to the weld 
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material to achieve specific results. Elements such as 
niobium, molybdenum, titanium, tungsten, vanadium or 
boror, are examples of these. It is preferred that these 
elements be present combined as .no more than about 3% 
5 by weight. 

In conclusion, therefore, it is seen that the 
present invention and the embodiments disclosed herein 
are well adapted tc carry out the objectives and obtain 
the ends set forth at the cue set. 
10 '"he claims for::? part of the disclosure of this 

specification . 
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The claims defining the invention axe a? foliows'-s- .. 
1. A bnlkwelding method for proddci rig : Bfe. 

iron -based alloy having high resisfcaace 'to- ' afor'8:S/ibh : \- 
suitable for use as a hardfacifflg. material, comprising:,'' 
forming the alloy on a workpieee by arc weldisig- ^i^y-af 
•joosuraeble iron or steal electrode in tbe p£.£se:R#;- ;'.- -'-of.; 
- 3 ra.?:«lar metal filler material and f^itrg. tfefr f^ijlk £.'.' :i 
a»t»i tiller Rustenai to the workplace in a ; : oSKti^ljfeff.l. 
vatic to the Seed rate of 'tbe el«ei|tdte,: i=v.^i^>' 
composition, of the granular metal filler w#$$<&| ;:'..'. 
selected to provide is the iron-based alloy .so ■£&i&&5:[-£ ;'l 
cfercmiua contest of 12 to 25% b.y weight:, ; ' al;:^fecn . 
aofffcent of 4 to 4.9% by weight and at Is^fet ;'.ife-r;.;#y:;:. : - 
vodiKsie of primary care ides of iron and chx6wi:d^'Mf^ : hs ■[ 
n»tBtaiai»g the feed ratio o€ g-rairciat ftfe€,ai ti£1*(;; 
material : electrode st s.ot la&re- toast 1.6 s---3fi"- 
2.. A method according to Cla'tsa 1, asftfesceiS -tfefe 

iron-based alloy formed con-tains ap to 8% ''.;.■##■ ■■'..SeMirf;; 
manganese anfi nor. bow than 3% by rasigfet i»y ; "tp$aS. : : :pf '; 
niobirm, mci-y.foder.sFt, titaniiMa, tutgstea, viariSdian^arsd' 
boron . .- : * ^ • ' „••„'; 

3... A method according to Cl*is! 1 

eoaaositior. of the granular metal filler iriSterial ':_,ls:' 
selected to provide is the iron-based alloy forsflaS' '■'&- 
cferossiuas content of 12 to 25* by weight* a -carbon-' 
content of 4 to 4.8% by weight, a usanganess contest of' 
0-.5 to 8% by weight and 38 to 45% by vclu-me c£ primary 
carbides, the alloy having high resistance to abrasion 
at tender atures front arabient to 650 C C (120©*?) . 
4. a method according to Claim 3 wherein' the 

iron- based alloy formed contains not too re than 3% ■ by 
weight in total of niobium, nolybdenun, titan iafc, 
tungsten, vanadium and boron. 
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5, tk taethoa according to any one of the ptsc&difio' 

claiiKs wherein the iron-based ailojf formed contains 
about 3% by weight of manganese. 

6.. A method according to any one of the preceding 

■I, claims wherein the iron-based alloy formed contain* not . 
more than. 1% fay weight of silicon. 

7. A raetbod according to any one of the pr&cediKs, ; 
elaiss wh-arein the granular sustal filler material is- ah ; 
ticn-basee! -powder containing,, by weight, it. to 3-0'% 

L0 chromes, fc to co»Mried carbon, 5 to 5yS%'.' 

aaaganese a.r.d less than 1% silicon. 

8. & method according to claia 7 where-its the: 
iron-based powder further contains 0.5 tc 11 by weight-- 
molybdenum. • 

15 9. A method according to Claim * or CHw» ' % - 

wherein the iron-based powder further costs las at .least , 
one of niobium, titsniuas, tungsten, vaaadias and borcri. 

10. A method according to any one of Ciaiss % , 
&n& '5 wherein the balance of the composition of the- 

20 iron-based powder is iron and incidental impurities, 

11. ft bwxfeweldiug method for producing an' 
iron-based alley having high resietan.ee to abrasion 
suitable for use as a bardfacing material, 
substantially as herein described with particular 

25 reference no the examples - 
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5, h method according, to any one of the preceding 
claims wherein the iron -based alloy formed contains 
about 3% by weight of manganese. 

6, A method according tc any one or the pre.ce3Afig ; 
5 claims wherein the iron-based alloy f erased contains act-' 

store than 1% by weight of silicon. 

7. A method according to any one of the prec^Birsg , 
clsrjES wherein the granular aetal filler matsr s al - is.haji - 
iroa-besed powder containing, by weight, 46 CO • '50*. 

10 chromium, S tc 8.5% cossbicod carbon, 5 to S,5% ; 
manganese and less tbas 1% silicon. ' 

8. S. method according to Claim 7 wherein the-' 
iron-based powder further contains 0.5 to 1% &y" • w»yga£," 

raoIybden<J3;. : '.'.'» : '!'. 
15 9. A raethod according to Claia . 7 or ; Cliaiifc -'' 3 : . 

wherein the iron-based powder further contains. at least-'.' 
oh of niobiuis, titanium, tungsten, vatsadiuss ap'd boron .. " 

I. 0. A ufethod according to any oca of Clalfrfis. ?',< -6 
and 9 'Wherein the balance of the composition . .**f "'..tWe' 

2C iiroh-based powder is iron and- Incidental irapur iii«s . . •. • 

II. a bttlkwelcing raethod for prodacjteg . »s'- 
iron—based alloy having high resistance to abrasioo 
suitable for use as a nardfscing material, 
substantially as herein described with particular 

25 reference to the examples. 
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12. A bulkweiding method substant.ia.2Uy ss 
he-e'.-bg'Qi-s described with reference to any one of the-.. 

13. -.n alloy p'xcUceri by the method of any 
pre csiiinr.' ciair.. 

14. ""he articles. tb;*!cs, parts, ailments, steps, 
leac . ■.v:ct:vtcs , processes, tofroounds ar.c", co-yesitioss^ 
ry;'.r:: . id ic ox ir„dic*r:ec in the specification and/osr ' 
claims ot the application individually or cciiecti v-siy, 
and any arid A3, conibii-.ar.ioiis or any twe or x-ore of sach. 
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